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TENSION TESTS OF RIVETS 
I. INTRODUCTION 


1. Preluminary.—The engineering profession looks with suspicion 
upon the use of rivets in tension. Some specifications for steel struc- 
tures prohibit the use of tension rivets, others permit their use in 
secondary members and prohibit their use in main members, and still 
other specifications make no mention of them. Very few writers have 
had the courage to specify a permissible unit stress for rivets sub- 
jected to a tensile stress. 

Structural designers frequently encounter situations that call for 
the use of rivets in tension and, through necessity, indulge in a 
practice of which they do not approve. Rivets in tension are actually 
found. Granted that they must be used occasionally, the engineer 
should know whether they are used reluctantly because of prejudice 
and a lack of knowledge or whether they are really either weak or 
unreliable. A review of the literature on the subject revealed little 
laboratory data reflecting in any way upon either the strength or 
the reliability of tension rivets. But the literature contains many 
“opinions” to the effect that structures should be designed so as not to 
require the use of rivets in tension. Although no experimental evi- 
dence was offered to support these opinions, they seemed to be based 
upon the beliefs: (1) that rivets in tension are unreliable because the 
heads might pop off; (2) that the ability of a rivet in tension to 
resist external loads is reduced by the initial tension in the rivet; 
and (3) that a rivet subjected to a shearing stress has its strength in 
tension reduced by this shear and the tensile strength of rivets sub- 
jected to shear is not known. In view of the many opinions and the 
very limited number of facts pertaining to the subject, tests to de- 
termine the behavior of rivets in tension seemed to be greatly needed. 


2. Object of Investigation—There were two primary objects in 
this investigation: (1) to determine the strength of rivets in tension; 
and (2) to determine the initial tension in rivets. 


3. Scope of Investigation—All rivets used in this investigation 
had a nominal diameter of 34 in. Some rivets were driven with an 
air hammer, others with a press riveter. The investigation was 
planned to determine the influence of a number of variables as fol- 
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lows: (a) type of head, (b) length of grip, (c) temperature of rivet 
when driven, and (d) time required to drive the rivet. 

The head that was formed when the rivet was manufactured has 
been designated as the manufactured head, the head that was formed 
when the rivet was driven as the driven head. The manufactured head 
was a button head for all rivets used; the driven head was either a 
button head, a button head flattened to %% in., a head that was 
countersunk but not chipped, or a head that was countersunk and 
chipped. The grip of the rivets varied from 2 to 6 inches. The tem- 
perature of the rivets was designated by their appearance. Some were 
driven when cold, others when at a dull red heat, at a cherry red 
heat, at a white heat, when burned, and when badly burned. The 
time elapsing during the driving of a rivet varied with the grip and 
with the method of driving. Observations in the shop indicated that 
the normal time required to drive a rivet having a 2-in. grip was 8 
seconds, when driven with an air hammer, and 1.5 seconds, when 
driven with a press riveter; and the normal time required to drive 
a rivet having a 6-in. grip was 18 seconds, when driven with an air 
hammer, and 3 seconds, when driven with a press riveter. The time 
elapsing during the driving of the rivets used in these tests varied 
from a minimum in which the rivet could be driven up to four times 
the normal time of driving.* 

The tests to determine the strength of rivets in tension were made 
in triplicate, and those to determine the initial tension in quadrupli- 
cate. There were 27 groups of three rivets each in the first series, 
and 34 groups of four rivets each in the second, there being a total 
of 217 specimens in all. The results of the tests are given in Sections 
Stoel 7 


4. Acknowledgments —This investigation constitutes a part of the 
work of the Engineering Experiment Station of the University of 
Illinois of which Dean M. §. Ketcuum is the director, and of the 
Department of Civil Engineering of which Pror. W. C. Huntineron 
is the head. ; 

The specimens used in the tests were contributed by the Chicago 
Bridge and Iron Works acting through its president, Mr. Grorap 
Horton. The specimens were made under the supervision of H. C. 
BoarpMAN, Research Engineer for the same company. 


*These observations were made while men were driving rivets in the specimens used in 
these tests, which were small and somewhat difficult to hold. The normal time required to 
drive rivets in pieces large enough to remain stationary without being held might be less. 
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Fia. 1. SpecIMEN For DETERMINING THE STRENGTH or RIvETS IN TENSION 


II. Description or TrESts 


5. Physical Properties of Rivet Steel—All rivets were made from 
rivet steel. Standard tension specimens were cut from the rods from 
which many of the rivets were made, and in a few cases standard 
tension specimens were obtained from undriven rivets made from the 
same rods as the rivets used in this investigation. The physical 
properties of the steel as determined from standard tension tests of 
the rivet rods and of undriven rivets are given in Table 1. In this 
table each specimen is identified with the rod from which it was made, 
but the variations among the rods were so small that the rivets may 
all be considered as having been made from steel of the same quality. 
The average yield point and ultimate strength were 37 184 and 54 618 
lb. per sq. in. respectively. The specimens cut from the undriven 
rivets had about the same properties as the specimens cut from the 
rivet rods. 


6. Description of Tests for Determining Strength of Rivets m 
Tension.—In the tests to measure the strength of rivets in tension, 
observations were made to determine the ultimate load and the re- 
lation between the elongation of a rivet and the external load to 
which it was subjected. 

Figure 1 shows a typical specimen consisting of two or more 
plates connected by a single rivet. The upper plate projected beyond 
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Fia. 2. Puttinc Cuamrs ror Tension Trsts 


the adjacent one on both sides in one direction, and the lower plate 
projected beyond the one adjacent to it on both sides in the other 
direction. With this construction, clamps could be attached in such 
a manner that one pair of clamps pulled the upper plate upward 
while another pair pulled the lower one downward, thus subjecting 
the rivet to a tensile stress. Figure 2 shows the pulling clamps in 
place. The bolt A had a spherical head that rested in a spherical seat 
in the head of the testing machine. The clamps C were held together 
by the bolt D. One end of the upper clamp gripped the block B and 
the other end gripped the upper plate of the specimen. In a similar 
manner the lower pair of clamps gripped the lower plate of the speci- 
men. The load indicated by the testing machine was the external 
load to which the rivet was subjected. 

All rivets driven with an air hammer were tested in a 30 000-lb. 
testing machine. The tests of specimens BH1X and BH3X, rivets 
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Fic. 3. ExTENSOMETER FOR MEASURING ELONGATION OF RIVETS 


driven with a press riveter, were started in the 30 000-lb. machine, 
but the specimens were so strong that the machine could not break 
them, and the tests were finished in a 300 000-lb. machine. The 
latter machine was used throughout the test for all other rivets driven 
with a press riveter. 

The elongation of the rivet was measured on the shank only. 
This was accomplished in the following manner. Holes were drilled 
centrally in the two heads of a rivet to such a depth that the bottom of | 
the hole was flush with the end of the rivet shank. A loose-fitting 
hardened steel pin having a conical point was inserted in the hole 
in each head, as shown in Fig. 1. The measuring apparatus was in 
contact with the conical ends of the steel pins. 

The elongation was measured with the special extensometer shown 
in Fig. 3. The two steel bars constituting the frame of the instrument 
were held apart by the specimen and by a strut rigidly attached to 
the lower bar and containing a knife-edge at the upper end that 
was in contact with the upper bar. A tension and a compression 
spring were so located as to hold the bars in contact with the knife- 
edge and with the specimen. The distance between the ends of the two 
bars was measured with an Ames dial. The knife-edge was located 
so as to give a multiplication ratio of about 5 to 1. The instrument, 
while in use, was supported on the upper pin in the specimen, and 
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TABLE 2 
TyricaL Log or Tension Trst 


Rivet BH3d 
a 7 Goarey pages Load lb. 
: 3 ange From y Multiplying per sq. in. 
Load Dial Reading | Zero Reading | Factor < Gr ip ona is in. 
4.51 X 2 = 9.02 diameter 
0.1097 

0.1089 0 0 1 928 
0.1087 0 0 3 860 
0.1087 10) 0 5 785 
0.1087 0 0 7 720 
0.1085 0 0 9 640 
0.1085 0 0 11 570 
0.1085 0 0 13 500 
0.1085 10) 0 15 443 
0.1085 0 0 17 360 
0.1085 0 0 19 290 
0.1085 0 0 21 210 
0.1085 0 0 23 160 
0.1085 10) 0 25 150 
0.1085 0 0 27 000 
0.1085 0 0 28 900 
0.1086 0.0001 0.0000111 30 850 
0.1086 0.0001 0.0000111 32 800 
0.1086 0.0001 0.0000111 34 730 
0.1092 0.0007 0.0000776 36 650 
0.1100 0.0015 0.000166 38 600 
0.1134 0.0049 0.000543 40 500 
0.1380 0.0295 0.00327 42 420 
0.1630 0.0545 0.00604 44 360 
0.2400 0.1315 0.0146 46 310 


Ultimate Load 33 900 lb. 


was counterbalanced so as to bring its center of gravity on a vertical 
line through the point of support. The extensometer was calibrated 
by inserting an inside micrometer caliper in place of the specimen and 
noting the changes in the reading of the Ames dial corresponding to 
changes in the length of the micrometer caliper. The following method 
was used in making a test: 

A specimen was installed in the testing machine, as shown in Fig. 
2. The pins were then inserted in the heads of the rivets and the ex- 
tensometer was put diagonally through the two pairs of clamps, one 
bar being above and the other below the specimen. The pins in the 
rivet were inserted in the holes in the extensometer and the nuts on the 
adjusting rod were set so as to give a reading of the Ames dial that 
would permit the measuring of a considerable subsequent elongation of 
the rivet. After all adjustments had been made the extensometer was 
tapped lightly with a pencil to insure that all points of contact had be- 
come properly seated. The Ames dial reading for the zero load was 
then recorded. Dial and load readings were taken for load increments 
of 1000 pounds until the yield-point of the rivet had been exceeded. 
The extensometer was then removed and the load was increased until 
the rivet broke. 
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Fig. 5. Brock or Turee TENSION SPECIMENS 


Table 2 shows a typical log of a test. The data thus tabulated 
are presented graphically in Fig. 4a. The information obtained in 
these tests was the ultimate strength of the rivet and the relation 
between the elongation of the rivet shank and the external load to 
which the rivet was subjected. 

The specimens as tested each contained a single rivet but, to 
facilitate manufacture, they were made in groups of three. A block 
from which three specimens were to be cut is shown in Fig. 5. Indi- 
vidual specimens were made by sawing the block on the dotted 
lines shown in the figure. The grip of the rivet was varied by chang- 
ing the number of plates in a block. 


7. Description of Tests for Determining Initial Tension in Rivets. 
—Some information relative to the initial tension in rivets was ob- 
tained from the external-load-strain diagrams, similar to the one 
shown in Fig. 4, resulting from the strength tests described in Sec- 
tion 6. A second series of tests was planned, however, to determine 
the magnitude of the stress by direct measurement of the strain. The 
method is based upon the assumption that the geometrical recovery 
or resilience of the rivet when the stress is removed is a measure of 
the initial stress. This assumption is very nearly true if the stress 
is below the elastic limit, although even at low stresses hysteresis in- 
troduces a small error. If the resilience equals the elastic deforma- 
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tion at the yield-point all that is known is that the rivet has been 
stressed at least to the yield-point. 

The test consisted of measuring the length of the rivet shank as 
the specimen was received at the laboratory and again after the ten- 
sion in the rivet had been completely relieved. The resilience thus 
obtained has been used in this bulletin as a measure of the initial 
tension in the rivet. 

Figure 6a shows a specimen used for determining the initial 
tension in a rivet. The tension was relieved by chucking the specimen 
in a lathe and turning out one or more of the intermediate plates, 
care being taken not to injure or jar the rivet. 

The length of a rivet was measured by means of the special ex- 
tensometer shown in Fig. 7. The nominal value of the multiplica- 
tion ratio was 5, the actual value was obtained by calibrating the 
instrument with a micrometer. The Ames dial was graduated to 0.001 
in., and fractions of divisions were estimated so that changes in 
length of the rivet were read to 0.00002 in., and probably were cor- 
rect to 0.0002 in. 

Pins were inserted in holes in the heads of the rivet, as shown in 
Fig. 6a, in order that only changes in length of the rivet shank would 
be measured. Because the extensometer had to be removed between 
successive readings, each pin was fitted tightly in the bottom of the 
hole, and was not disturbed from the time the first reading was taken 
until the test had been completed. 

The specimens were made in groups of four as shown in Fig. 6b. 
The individual specimens were obtained by sawing the block along 
the dotted lines. The procedure for a test was as follows: 

A block from which four specimens were to be made was put in a 
shaper and the heads of all rivets were planed to the same height. 
This was done in order that all specimens in a group could be read 
without changing the adjustment of the extensometer. The heads 
were drilled and fitted with pins as shown in Fig. 6a. The length 
of each rivet was then read with the extensometer. After the initial 
set of readings had been taken on all four rivets in a block the block 
was sawed into the four specimens and a complete set of readings 
was again taken. The object of this set of readings was to determine 
whether reducing the size of the plates held together by the rivets 
would reduce the initial tension. After the second set of readings had 
been completed each specimen was chucked in a lathe, and one or 
more of the intermediate plates was turned out without disturbing 
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TABLE 3 
Typrica, Log or Tests TO DETERMINE INITIAL TENSION IN RIVETS 
Specimen IS8C 


Dial Readings 


Difference Decrease 
Mean of Between in Stress 
4 Differences Means lb. per sq. in. 
Specimen Standard Bar| Difference 
Before Blocks Were Sawed (1) 
OBO Saree creteaitrersctetepseyetores 0.1007 0.0293 
OslSOOS Mesa ia varctemtes ore 0.1010 0.0290 
QUISUB Bran icscon ce weirs ete rs 0.1012 0.0291 (1) and (2) 
OL BOR aks Senco eies oe 0.1013 0.0288 0.0290 0.0015 2 300 
After Blocks Were Sawed (2) 
OPT IO 2 Roe etisisasivcieces Sivielons 0.1017 0.0275 
(Ra OL Eee OC aID DOD GEO CIO 0.1016 0.0275 
O02 enc vsit letelers © wets. eGieherars 0.1017 0.0275 (1) and (3) 
ORAZ9S sche tescrsiestocien Tee 0.1018 0.0275 0.0275 0.0244 36 500 
After Tension Was Relieved (3) 
OOS Hare cosets wa oe 0.1010 0.0044 
ONIOS6 Sa avccctalert etal omrereen 0.1008 0.0048 
O1O56ie cs convies aerate axe 0.1010 0.0046 (2) and (8) 
OOS 7 tisicoatetnderene eee walt 0.1009 0.0048 0.0046 0.0229 34 200 


the rivet, thus relieving all tension in the rivet, and the third and 
last set of readings was taken. 

All readings were taken in quadruplicate, and the extensometer was 
removed from the rivet and a reading was taken on a standard bar 
between successive readings on the specimen. The specimens and 
the standard bar were placed together in a room having a practically 
constant temperature for sufficient time to bring the specimens and the 
standard bar to the same temperature before readings were taken. 

Table 3 shows a log of a typical test. 

The results of the tests are discussed in Sections 11 to 16, in- 
clusive. 


III. Resutts or Tests—SrrenctH or Rivets IN TENSION 


8. Effect of Temperature at Driving Upon Strength of Rivets —All 
rivets used in the tests to determine the effect of the temperature of 
a rivet when driven upon its strength had a grip of 2 in. The tem- 
peratures at which the rivets were driven were designated as cold, 
dull red, cherry red, white, burned, and badly burned. The tempera- 
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TABLE 4 
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Errect or TEMPERATURE aT Wuicu River Is Driven Uron Its STRENGTH 
Rivets Driven With Air Hammer 


Specimen No. 


cere eee 


Two full button heads 


| iS 


One full button head; 
one button head flat- 
tened to 3g in. 


Heat of 
Rivet 
When 
Driven 


Cold 


Cold 


Dull 
red 


Dull 
red 


Cherry 
red 


Cherry 
red 


White 


Burned 


Badly 
burned 


Ult. Unit 
Ultimate | Stress, lb. | Reduction 
Strength | persq.in.,| of Area 
lb. on 1%¢in. | per cent 
diameter 
30 000 
34 500 
34 770 §1.5 
33 090 63 800 
42 710 
42 310 
46 540 
43 853 84 500 
31 500 69.0 
31 500 68.7 
28 150 72.0 
30 383 58 600 69.9 
32 400 72.2 
34 500 69.0 
32 600 68.4 
33 167 64 000 69.9 
30 160 74.0 
31 000 74.0 
30 000 67.7 
30 387 58 700 71.9 
33 900 73.0 
31 300 71.0 
34 100 55.0 
31 743 61 200 66.3 
35 150 
33 500 
33 500 
34 050 66 550 
34 700 62.8 
32 000 
32 250 
32 983 63 650 
30 400 
28 355 
31 000 
29 918 57 750 


Type of Failure 


Failed in driven head 
Failed in driven head 
Failed under mfd. head 


Failed in driven head 
Tension failure of shank 
Tension failure of shank 


Tension failure of shank 
Tension failure of shank 
Tension failure of shank 


Tension failure of shank 
Tension failure of shank 
Tension failure of shank 


Tension failure of shank 
Tension failure of shank 
Tension failure of shank 


Tension failure of shank 
Tension failure of shank 
Tension failure of shank 


Shear in flat head 
Shear in flat head! 
Shear in flat head 


Under button head) 
Under button head 
Under button head 


Shear in flat head 
Shear in flat head 
Shear in flat head 


Nominal diameter of rivets, 34 in. 


Grip of rivets, 2 in. 


ture designated as cherry red is the normal temperature at which 
rivets are usually driven. The rivets driven at temperatures desig- 
nated as cold, dull red, and cherry red, had two button heads; each 
of the others had one full button head and one button head flattened 
to % in. The results of tests of rivets driven with an air hammer 
are given in Table 4, and of rivets driven with a press riveter in 
Table 5. The physical properties of the steel from which the rivets 
were made are given in Table 1. The unit strength developed by 
the rivets was based upon a diameter of 1%. in., since the rivets 
having a 2-in. grip were upset to nearly the diameter of the holes. 
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TABLE 5 


Errect or TEMPERATURE AT WuicH Rivet Is Driven Upon Its STRENGTH 
Rivets Driven With a Press Riveter 


Ultimate 
Heat of Ultimate Unit Stress, 
Specimen No. Type of Rivet Strength Ib. per sq. in., Type of 
Head When lb. on 134¢ in. Failure 
Driven diameter 
BHOx aero metas © 39 470 
Dicthvee chile ke ore Two 41 140 
Ciasis svaumianientoroare button Cold 41 760 2 . 
Meant ccc ae signi slaec deri heads 40 790 78 630 Tension failure 
of sha 
IBHUISG Asa scrects scatecntea eaetons 37 920 
Dicnenapctcohn agence estore Two 38 140 
ts Hee OG care button Dull 38 270 : ? 
Meamnataniecrint syncrev sisis erste heads red 38 110 73 533 Tension failure 
of shank 
BHSx, Scsie ote syaceurreterisee 39 160 
Ditse.cchiee cu stuazttetenes Two 39 650 
Giarecauee evere tetenareyeistete opt button Cherry 37 440 : k 
Mean’ ee cccaclejstomae.3 sien none heads red 38 750 74 730 Tension failure 
of shank 


Nominal diameter of rivets, 34 in. Grip of rivets, 2 in. 


An inspection of Tables 4 and 5 reveals the fact that all rivets 
developed as great a unit strength as the rivet rods from which they 
were made, even though the unit strength of the rivets was based 
upon a diameter of 1%, in. The cold-driven rivets were stronger 
than the hot-driven rivets, due probably to the cold working of the 
material. For heated rivets there seemed to be no very consistent 
relation between the temperature of the rivet at driving and its 
strength, although the badly burned rivets were slightly weaker than 
the others. But even the badly burned rivets were as strong as the 
rods from which they were made, and their failure was due to the 
failure in shear of the flat heads. The hot-driven rivets driven with 
a press riveter were somewhat stronger than those driven with an 
air hammer. The character of the failure of the various rivets is 
shown in Figs. 8 and 9. 


9. Effect of Type of Head Upon Strength of Rivets—AlIl rivets 
used in the tests to determine the effect of the type of head upon 
the strength of a rivet were driven with an air hammer, all had a 
2-in. grip, and all were driven at a cherry red heat. The manufac- 
tured head was a button head for all rivets; the driven head was a 
button, a button flattened to 34 in., a countersunk head not chipped, 
or a countersunk head chipped. 

The results of the tests are given in Table 6. The only heads that 
failed were the button heads that had been flattened to 34-in. These 
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failed in shear, as shown in Fig. 9. The rivets that had one counter- 
sunk head failed in the shank, although they were not quite as 
strong as the rivets having two button heads. Whether the smaller 
strength was due to the kind of head or to a slightly weaker ma- 
terial is not apparent. But the strength actually developed by the 
rivets having heads that were countersunk and chipped, 54 100 lb. 
per sq. in., based upon a 1%.-in. diameter section, meets the speci- 
fications for rivet steel. 


10. Effect of Grip of Rivet Upon Its Strength in Tension.—All 
rivets used in the tests to determine the effect of the grip of a rivet 
upon its strength had a nominal diameter of % in., all had two button 
heads, and all were driven at a cherry red heat. The grip varied by 
inches from 2 to 6 in. 

The results of tests of rivets driven with an air hammer are given 
in Table 7. The ultimate unit stress varied from 63 900 lb. per sq. 
in. for rivets having a 2-in. grip to 54 000 lb. per sq. in. for those 
having a grip of 5 in., and 54 400 lb. per. sq. in. for those having a 


grip of 6 in. 
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TABLE 6 
Errect or Type or Heap Upon StrenectTH or RIvET IN TENSION 


Ult. Unit ' 
Type of Ultimate Stress, lb. per Reduction A 
Specimen Driven Strength sq. in., on of Area Type of Failure 
No. Head lb. 1346 in. per cent 
diameter 
30 160 74.0 Tension failure of shank 
Button 31 000 74.0 Tension failure of shank 
30 000 67.7 Tension failure of shank 
30 387 58 700 71.9 
33 900 73.0 Tension failure of shank 
Button 31 300 71.0 Tension failure of shank 
34 100 55.0 Tension failure of shank 
33 100 63 900 66.3 
Button 26 145 Shear on flat head 
flattened 26 215 Shear on flat head 
to 34 in. 25 695 Shear on flat head 
26 018 50 200 
Counter- 30 515 Usia83 Tension failure of shank 
sunk and 380 235 72.0 Tension failure of shank 
Oe srehe tere not chipped 29 865 PIE Tension failure of shank 
Meanitiincene 30 205 58 300 72.6 
CS2r arene Counter- 28 385 75.0 Tension failure of shank 
Das ate sunk and 27 935 73.2 Tension failure of shank 
Garant chipped 27 865 69.0 Tension failure of shank 
Meanie scene 28 061 54 100 72.4 


Diameter of rivet, 34 in.; grip, 2 in.; manufactured head was a button head; all rivets were driven 
with an air hammer; and all rivets were driven at a cherry red heat. 


The results of tests of rivets driven with a press riveter are given 
in Table 8. The ultimate unit stress varied from 74 730 lb. per sq. 
in. for rivets having a 2-in. grip to 56 330 lb. per sq. in. for rivets 
having a grip of 5 in., and 57 330 lb. per sq. in. for those having 
a grip of 6 in. The unit stress in all cases was based upon a diameter 
of rivet of 1%, in. The short rivets were upset over their entire 
length and actually had a diameter nearly equal to 134, in., but the 
long rivets, although they were upset near the driven head, were not 
upset over their entire length, and the actual minimum diameter did 
not exceed % in. Even on the basis of a rivet diameter of 1%, in., 
the weakest rivets developed a unit stress almost as great as that. 
developed by the rivet rod. 

The rivets driven with a press riveter were slightly stronger than 
those driven by the air hammer, even though the former were made 
of a slightly weaker steel than the latter. 


IV. Resutts or Tests—Init1au TENsIon 1n Rivets 


11. Comparison of Two Methods for Determining Initial Tension. 
m Ravets—The initial tension in rivets was determined by two 
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TABLE 7 


Errect or Gaie or Rivet Upon Its StreENGTH IN TENSION 
Rivets Driven With Air Hammer 


Ult. Unit Sieneets lb. per sq. in., 

: Ultimate ased on i 

Specimen No. Grip Strength Re ree " 

wee Ib. <a per cent 
1346 in. dia, 34 in. dia. 

1B) 8 IBS Le ean ae Ee 33 900 73.0 
itera NoNetere wt steve tare 2 31 300 71.0 
if ets ara eve) st overseas 34 100 55.0 
IMeaitacce: senna 33 100 63 900 75 000 66.3 
SEL 7a aetatotece worscrete 30 630 W2.2 
Perse eae aa overage oescal 3 31 170 74.3 
Le Neat Ree ae Cn ee 30 315 74.3 
IV Cami yorenecst ome crore ores 30 705 59 300 69 500 73.6 
29 265 73.8 
4 28 670 74.7 
ae ware 29 460 73.9 
IMT AN Riaeveejetsyoiet ci aisle 29 132 56 200 66 000 74.1 
STL Oper a sreenterarere, shake 27 865 74.0 
Goad donoeseackes 5 27 740 CK S 
Lettnccicrereteteinte aes 28 130 (PIECE 
Mea strotic. cites tees 27 912 54 000 63 100 73.5 
J8ie UNO Ns bl aece comersiteroee 28 410 73.7 
Qa eaiaco hs a: olor eal ove 6 28 210 72.3 
Peer kavetsa’ Car 27 855 74.2 
IVICCH OE 5 Ssh ROCS Ee 28 158 54 400 63 700 73.4 


Nominal diameter of rivet, %4 in.; all heads were button heads; all rivets were driven at a cherry 
red heat. All rivets failed by tension in the shank. All rivets were made from the same rod. Ultimate 
strength of the rod was 57 330 lb. per sq. in., and of an undriven rivet 57 160; the reduction in area of 
the rivet rod was 66.9 per cent, and of the undriven rivets 70.3 per cent. 


methods, (1) by measuring the resilience of a rivet when the tension 
was relieved, and (2) by determining the relation between the external 
load on a rivet and its elongation. The first method has been de- 
scribed in Section 7, the second method is described in the following 
paragraphs. 

If a rivet had no initial tension, the external-load-strain diagram 
for stresses below the elastic limit would be a straight line whose 
slope would correspond to the modulus of elasticity for steel. If the 
rivet is subjected to an initial tension when driven, applying a load 
in the manner described in Section 6 merely transfers the stress from 
the rivet to the testing machine, and, except for the resilience of the 
parts in contact, the total tension on the rivet is not increased until 
the external load exceeds the initial tension in the rivet. 

The diagrams for hot-driven rivets shown in Fig. 4a are vertical 
lines through the origin, and no elongation of the rivets occurred until 
the external load was nearly equal to the yield-point of the steel, in- 
dicating that the initial tension in each of the rivets represented by 
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TABLE 8 


Errect or Grivp or Rivet Uron Its StrENGTH IN TENSION 
Rivets Driven With a Press Riveter 


Ultimate Unit Strength, lb. per 
Ultimate sq. in., Based on 
Specimen No. Grip oe 


1346 in. dia. 34 in. dia. 


to 
iN] 
ve) 
oz] 
3 


Meany occa cincse aes 38 750 74 730 87 700 

icons ERO COS oI 33 290 64 180 75 300 
c 

Micaney cost csr oosreeis 33 267 64 130 75 200 


1 CATE SR nos a enodrc 29 210 56 330 66 100 


29 737 57 330 67 400 


Nominal diameter of rivet, %4 in.; all heads were button heads; all rivets were driven at a cherry 
ted heat. All rivets failed by tension in the shank. All rivets were made from the same rod. Ultimate 
strength of the rod was 53 613 lb. per sq. in., and of an undriven rivet was 54 920 lb. per sq. in.; the 
reduction in area of the rivet rod was 67.5 per cent, and of the undriven rivet, 68.7 per cent. 


the diagrams of the figure was approximately equal to the yield-point. 
strength. The diagrams for the cold-driven rivets shown in Fig. 4b. 
are quite different in character. The diagram for rivet BH1b is a 
straight line passing through the origin, and having a slope corre- 
sponding nearly to 30 000 000 lb. per sq. in., showing that the rivet. 
had no initial tension. The diagram for BH1la is a vertical line at 
the origin but it curves to the right and, at a load of about 13 000: 
lb. per sq. in., becomes a straight line having a slope corresponding: 
to 30 000 000 lb. per sq. in. This diagram has been interpreted to in- 
dicate that the initial stress in BHla was 13 000 lb. per sq. in., al-. 
though there might be some difference of opinion as to the exact value. 
The diagrams of Fig. 4c are for rivets driven when white hot. In this. 
case, although there may be some difference of opinion as to the value: 
of the initial tension, the diagrams have been interpreted to indicate: 
that the initial tension was 20 000 lb. per sq. in. for both rivets. 

The values of the initial tension were obtained from diagrams. 
similar to those shown in Fig. 4 for most of the rivets subjected to. 
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EFFECT OF TEMPERATURE OF Rivet WHEN Driven Upon IniTIAL TENSION 


From Resilience of Rivet 


Reduction in Tension 
Total Initial 
Specimen No. Heat of Rivet i 

e When Driven |Due to sawing block} Due to turning Teri Ons AR bas 

into Specimens Specimens poe 
lb. per sq. in. lb. per sq. in. 
(1) (2) (3) (4) (5) 

USS enc cin cote —5070 11 930 6 870 
| SeRPACAERO Cenc CNS —6870 19 410 12 540 
(CR orc LO Cold —5670 8 955 3 285 
Qiise aces anaes —5670 9 250 3 580 
VEC AIS veto cicre essere —5820 12 389 6 569 
LIS Bh sy Atster(oravotale a tahes ape —1790 25 990 24 200 
DO ale assets Dull 600 25 400 26 000 
Oren indosstee st red 000 26 880 26 880 
Glee ASO letra 600 32 530 33 130 
IVECAN TS ie Rerowsue ee es —145 27 700 27 555 
WS Uasarecesete sternal erate —3580 34 630 31 050 
scowls snes ae 8 Oe Cherry 000 28 950 28 950 
One tetssaiicere sus red —3280 31 630 28 350 
Gas wiscoataaiernels —1200 31 650 30 450 
Meanie sé otrrstera'a 0.6 sters —2015 31 715 29 700 
SECA: pretest sa iscaots 1490 26 710 28 200 
Diseroreccareciete nia White 1490 25 110 26 600 
Omieraerersl et lartorctess — 300 21 200 20 900 
Gite cite sieaiee — 900 26 870 25 970 
IVE CAN 1, vo eves icine ena 445 24 972 25 417 
US BRS crxete sare one + 3) one —2390 24 490 22 100 
BA ge tat ey Oe Burned —5070 23 570 18 500 
—3285 22 985 19 700 
— 900 20 620 19 720 
—2910 22 915 20 005 
—1190 27 440 26 250 
Badly — 900 25 100 24 200 
burned —3285 26 885 23 600 
—1200 24 500 23 300 
— 1644 25 980 24 336 


strength tests. These values support in a general way the values 
obtained from the resilience of the rivets, but the latter are believed 
to be the more reliable, as well as the more definite, of the two sets 
of values. The initial tensions as determined by both methods are 
reported in the following sections, but the conclusions are based upon 
the values obtained from the resilience of the rivet, since this method 
is considered to be the more reliable of the two. 


12. Effect of Temperature of Rivet When Driven Upon Initial 
Tension.—The specimens, apparatus, and method of testing are de- 


scribed in Section 7. 
All rivets used in the series to determine the effect on the initial 


26 ILLINOIS ENGINEERING EXPERIMENT STATION 


TaBLeE 10 


Errect or TEMPERATURE oF RiveT WHEN Driven Upon 
IniT1AL TENSION 


From External-Load-Strain Diagrams 


4 Initial Tension 
Heat of Rivet me es Rivet 


When Driven Ib. per sq. in. 


Specimen No. 


Cold 13 000 


Dull 36 000 
red 410 000 


Cherry 20 000 
red 38 000 


White 20 000 


Burned 40 000 


Badly 10 000 
burned 16 000 


stress in the rivet of the temperature when driven had a nominal 
diameter of 34 in., all had two button heads, and all had a grip of 
2 in. All rivets were driven with an air hammer except the cold-driven 
rivets which were driven with a press riveter. The results of the tests 
are given in Table 9. 

The values given in Column 3 represent the difference in stress 
in the rivet in the original block of four rivets, Fig. 6b, and in the 
individual specimen, Fig. 6a. The increase in stress is very small 
except for the IS3x series. Apparently some error occurred in this 
test. Later series, reported in Tables 11, 13, and 15, show a slight 
change in the tension in the rivets when the block was sawed but, 
with a few erratic exceptions, the changes are small. Taking into 
account all series, the tests indicate that reducing the size of the 
plate from flats 214 in. x % in. and 10 in. long to blocks 21% in. square 
and 4% in. thick, does not make an appreciable change in the stress 
in the rivet. 
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TABLE 11 
Errect or Tyee or Heap Upon Initrau Tension in RIvEts 


From Resilience of Rivet 
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Reduction in Tension 
Initial 
Specimen No. Type of Head | Due to Sawing Due to eae 
Block into Turning Ib. per'salan 
Specimens Specimens =P eb oieh 
lb. per sq. in. | lb. per sq. in. 
(1) (2) (3) (4) (5) 

JES) IONS Romney rock rem aiEEE ay oie RRC Two —3 580 34 630 31 050 
Deeremere scarce reciente Graeeiaveis button 000 28 950 28 950 
Oblciseievaveietocave cys iste cle wie srecetare awl heads —3 280 31 630 28 350 

(0 Bn tae an ad aM) et A —1 200 31 650 30 450 
Meat Sate. 1ateice ve sarin tte Gereies —2 015 31 715 29 700 
SDS eaicrars ayer saves, fo32. 0) syanstere <yeuatsioveet One button, 4 180 21 620 25 800 
Doibiay sieve ei shatavece oval aress ater cham uste el 608 one flattened 300 23 600 23 900 

CRA team ce aie to 3 in. 300 28 950 29 250 
Uotcrernarencisiere @niearon inte savas —300 11 050* 10 750* 

I IGEN TEs cut AOR OIC ROE Peta 1 120 21 305 22 425 
NFAT ofiay; Oi Grrienncecucoent eee 1 593 24 723 26 317 
SLUR a yreisscteve coparenevene oa ieee revo One button, 7 160 27 940 35 100 
WDerarSrecoieieue ete ortieceis e atee Sees one counter- 6 140 25 160 31 300 

(OO6 a ith ORO TACHI Drain colton sunk and not 2 090 26 210 28 300 

Le epenareis eet caraced Sapo oceta avale vere chipped 680 24 220 24 900 
WEGAT Mem Meters pata race erat alas, aco an RiSeTa 4 017 25 883 29 900 
VS) Das acuatns ce Roe Oe ere RIC One button, 680 13 640 14 320 
SE ERC RO MON RET CICL ST CRE CIOS one counter- 680 26 220 26 900 

sunk and 3 410 26 250 29 660 

chipped 0 22 740 22 740 

1 190 22 210 23 400 


*Manufactured head did not have a full bearing. 


The data contained in Table 9 indicate that rivets having a 2-in. 
grip driven at a dull red, a cherry red, and a white heat all have 
about the same initial stress, the values being 27 555, 29 700, and 
25 417 lb. per sq. in., respectively. The yield-point strength of the 
rivet-rod from which the rivets driven at a cherry red heat were made 
was 35 433 lb. per sq. in., and the yield-point strength of the rivet- 
rod from which the rivets driven at a dull red and a white heat were 
made was 36 100 lb. per sq. in. 

The burned and’ badly burned rivets had an initial stress of 
20 005 and 24 336 lb. per sq. in., respectively. They were made from 
the same rivet-rod as the rivets driven at a dull red and a white heat. 

The tests of the cold-driven rivets are unsatisfactory because of 
the discrepancy between the readings taken before and after the 
original blocks were sawed into individual specimens. If the readings 
taken before the blocks were sawed are accepted, the initial tension 
was 6 569 lb. per sq. in.; if the readings taken after the blocks were 
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TABLE 12 


Errect or Tyre or Heap Upon INITIAL 
TENSION IN RIVETS 


From External-Load-Strain Diagram 


ase ger 
Specimen No. Type of in Rivet. 
wr Driven Head lb. per sq. in. 
IBHS'avevauntes ssiashieetera Button 20 000 
b BARR i TERI Ox MERC) 38 000 
Osh nenwe alta si ae 38 000 
(CRASHES eon OOo con 37 000 
Gere eats cieitavere aketere 36 000 
Se Lae aeel earns 37 000 
Mean witicinioccisnan eee 34 333 
bop er ee a rn oreo ce dao Flattened to 3 in. 29 000 
Disatote-coitecincle cen spt ee 22 000 
Ons deter aatesnvaler emia Oieraente 27 000 
Meanie tre encoteren oe 26 000 
CST ange Siac ais Stele sa lateiere Countersunk and 34 000 
Divecusyke ccna steeaeneiners not chipped 36 000 
ee, digt Sie: a. stave tel kt otty ate ape 000 
Meany in-clscdnic won a vies oe 23 300 
O82: alam anesien ites > Countersunk and 8 000 
Ditcstine ce ae eos ee chipped 34 000 
Ci ew dreyee re aiatelwe eee 24 000 
Meansc.0 neki ean 22 000 


sawed are correct, the initial stress was 12 389 lb. per sq. in. In either 
case the initial stress in the cold-driven rivets was very much less 
than that in the hot-driven rivets, a fact that is not surprising con- 
sidering that initial stress is due chiefly to the cooling of the rivet. 
The initial tension, determined from the external-load-strain dia- 
gram in the manner described in Section 11, is given in Table 10. 


13. Effect of Type of Head Upon Initial Tension in Rivets.—All 
rivets used in the series to determine the effect of the type of head 
upon the initial tension in the rivet had a grip of 2 in., and all were 
driven at a cherry red heat with an air hammer. The initial stress 
as determined from the resilience of the rivets is given in Table 11. 
The yield-point strength of the rod from which the rivets were made 
was 35 433 lb. per sq. in. for the rivets having two button heads, 
and 37 466 lb. per sq. in. for all the others. The average initial stress 
was 29 700, 26 317, 29 900, and 23 400 lb. per sq. in. for button 
heads, flattened heads, heads countersunk and not chipped, and heads 
countersunk and chipped, respectively. 

The data contained in Table 11 indicate that rivets with a 2-in. 
grip, driven with an air hammer when at a cherry red heat, and. 
having two button heads, had an initial tension equal to approxi- 
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TABLE 13 : 


Errect or Grip or River Upon Irs Initrau Tension 
From Resilience of Rivets. Rivets Driven with Air Hammer. 


Reduction in Tension Due to 
Initial 
Length of : 

Specimen No. Grip Sawing Block A Jee 

in. into Four Turning Ib ae 
Specimens Specimens oe eat she 

Ib. per sq. in. lb. per sq. in. 
(1) (2) (3) (4) (5) 

2 —3 580 34 630 31 050 

000 28 950 28 950 

—3 280 31 630 28 350 

—1 200 31 650 30 450 

—2 015 31 715 29 700 

3 1 640 33 360 35 000 

2 390 32 250 34 640 

1 000 33 640 34 640 

2 190 34 410 36 600 

1 805 33 415 35 220 

4 3 590 31 260 34 850 

1 500 35 600 37 100 

2 250 34 250 36 500 

2 700 33 680 36 380 

2 510 33 698 36 208 

5 480 35 620 36 100 

950 32 450 33 400 

2 870 26 780 29 650 

1 200 31 300 32 500 

1 376 31 538 32 912 

6 1 400 32 800 34 200 

200 35 350 35 550 

400 34 550 34 950 

5 880 31 870 37 750 

1 970 33 642 35 612 


mately 80 per cent of the yield-point strength of the rivet-rod. Many 
of the rivets that had one flattened or one countersunk head had an 
initial stress equal to that in rivets having two button heads, others 
had a much lower initial stress. That is, with rivets having flattened 
or countersunk heads, there was a large variation among rivets that 
were supposed to be alike. 

The initial stress as determined from the external-load-strain dia- 
grams is given in Table 12. 


14. Effect of the Grip of a Rivet Upon Its Initial Tension. —'The 
specimens used to determine the effect of the grip of a rivet upon its 
initial tension all had two button heads, and all were driven at a 
cherry red heat. One series of tests was made on rivets driven with an 
air hammer, and another on rivets driven with a press riveter. 
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TaBLE 14 
Errect or Grip or Rivet Uron Irs Init1aLt TENSION 


From External-Load-Strain Diagram. Rivets Driven with Air Hammer. 


Initial Tension 
Specimen No. Length of Grip in Rivet. 

in. Ib. per sq. in. 
ashame ee 2 20 000 
paid So te a 38 000 
Osc aecien ie eee cree 38 000 
ro en ar BO eniarsarcie 37 000 
GAR Povcteveve Gp.tiee aR 36 000 
Oe eae Lt cae A 37 000 
MEGaiis Macnsnt es ene 34 333 
PAT Bee ormaricaie ction 3 28 000 
De Tae ee ee 000 
Chae ai aeons 28 000 
Cs Ugpiey ee area INR aeets 5 6 34 000 
Be en or neice ee 36 000 
Or Seo onasaeac, 30 000 
Meaneen ote san nl eee 26 000 
Meantexcl cDainseasceenise 31 200 
BHSiaeee camer ln eenee 4 20 000 
NS atcha eee: 28 000 
Ged steric res 10 000 
0 ee a seh eps 8 000 
Wee re male Se eh ceyare vena 35 000 
Seleierebivere aie stele felereselore 32 000 
Mean en nee aaa 22 166 
BHOja ec ys nieces eats 5 26 000 
Be eRe te mee a 33 000 
viowrata svcie.aid veniete aneea we 34 000 
Ces acts Sone eee 27 000 
Sas tea RS CRA 32 000 
Pe, Bett hem Be tone Mie 30 000 
NIGAM Secrets ce orev eatin 30 333 
BH IOND Roce aes ctesueroees 6 31 000 
Ooloaee neler ereroeee 32 000 
Cente Secor 32 000 
Ode chee ele.e Sas eee 36 000 
sraiete ete atoustetanenspeterors 32 000 
Moan fic Vcrscunicis.cane ehelenvate 32 600 


The initial tensions in rivets driven with an air hammer, deter- 
mined from the resilience of the rivets, are given in Table 13. The 
initial tensions, the average of four tests for each grip, were 29 700, 
35 220, 36 208, 32 912 and 35 612 lb. per sq. in. for rivets having 
grips of 2, 3, 4, 5, and 6 in., respectively. The rods from which all 
the rivets were made had a yield-point strength of 35 433 lb. per 
sq. in. These tests indicate that the initial stress was less in rivets 
having a 2-in. grip than in longer rivets, but the difference was not 
great. The initial tension in rivets having a grip of 3 in. or more was 
almost equal to the yield-point strength of the rod from which the 
rivets were made. 

The initial tensions in rivets driven with an air hammer, deter- 
mined from the external-load-strain diagrams, are given in Table 14. 
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TABLE 15 


Rivets Driven With Air Hammer 


3l 


In Rivets 


Reduction in Tension Due to 

Gri Time of ope 

Specimen No. aT. Driving P i Tension 
s ia sec. pavane Block Turning in Rivet 

Suecinens Specimens lb. per sq. in. 
Ib. per sq. in. | 1b. per sq. in. 

ESTA aU seteyscrrctete onc 2 ee 2 8 —2 690 28 490 25 800 
TO, etre etnies ae —2 390 26 290 23 900 

Wis: Goal Bae Re ts —900 23 900 23 000 

Ole Mee Neen —2 690 27 190 24 500 

IVC ae sey este Py Gye 26 467 24 300 
EST State 5 ae 2 16 —900 29 250 28 350 
LS ere ee 300 24 800 25 100 

(i at ene eee Be 2 180 26 170 28 350 

Ol So careers cn 2 180 27 070 29 250 

1 (ooh al, Ae a 940 26 822 27 762 
TS IGUES i ea oe 2 32 —1 200 15 830 14 630 
Dein isc oc ito —2 180 18 910 16 730 

(Es OREN OR ea —1 200 18 510 17 310 
Gn ee —2 690 23 290 20 600 

J IGE oe een eee —1 818 19 135 17 317 
ESL paler ipe sere cieinns ee 2 Minimum 2 180 26 770 28 950 
1D ous copes cee possible 900 30 450 31 350 

Oe 66 Dace e OE To Oe 4 780 27 170 31 950 

(3 is tec te ee —2 690 29 890 27 200 
UGE i fon a 1 292 28 570 29 862 
TE SUSE ASS Ae otis seuss 6 18 800 29 050 29 850 
|S Sin See SAE —500 36 160 35 660 

Catach Receeaeeaee A e —300 35 000 34 700 

Qe ees ects See 1 300 30 000 31 300 

IM Gane rie iais nti 325 32 552 32 877 
SLOG ae a wecrvintcesienicceae 6 36 3 790 32 860 36 650 
Dee lori scare 1 500 36 860 38 360 

(Sao deh ECE 700 35 500 36 200 
Le cotati 4 980 32 970 37 950 

IN RENT hehe eee che 2 742 34 548 37 290 
NISHA ONE ete, See ee 6 v2 600 32 500 33 100 
1335 ts OER Ree 700 35 000 35 700 

(Fedo AO EDO E a 1 500 33 260 34 760 

0 tate ayo eA ns 200 35 350 35 550 
Meanie Mis stash 750 34 028 34 778 
JESDALE a a avn e f 6 Minimum 3 690 29 010 32 700 
Deer c paws a ed possible 3 090 27 310 30 400 

(Xe, CONDE PRR EE 6 2 190 27 010 29 200 

Cl Sho teen roma 6 880 20 320 27 200 

WEG ANTM dae cctuc aid oe 3 962 25 912 29 875 


The initial tensions in rivets driven with a press riveter, de- 
termined from the resilience of the rivet, are given in Table 16. The 
initial tension in rivets having a 2-in. grip was 32 181 lb. per sq. 
in., the average of the results of 16 tests; the initial tension in rivets 
having a 6-in. grip was 34 106 lb. per sq. in., also the average of 
the results of 16 tests. All of the rivets having a 2-in. grip were cut 
from a bar having a yield-point strength of 35 971 lb. per Sq. in., and 
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TABLE 16 


Errect or Time or Drivine Uron Inrtran Tenston in RIVETS 
Rivets Driven With Press Riveter 


Reduction in Tension Due to 


Lbaterncs Jnitial 
Grip me 0 Rar Tension 
‘ = . Drivir Sawing Block . in Rivet 
Specimen No. in. et fs enka our Turning Bi. pees 
Specimens Specimens 
Ib, per sq. in. lb. per sq. in. 
2 1S —1 200 36 400 35 200 
—1 500 31 800 30 300 
—1 500 33 100 31 600 
000 31 000 31 000 
/ —1 050 33 075 32 025 
2 3.0 1 800 33 150 34 950 
—2 980 36 680 33 700 | 
31 900 32 800 
1 200 28 950 30 150 
230 32 670 32 900 
2 6.0 900 32 800 33 700 
1 800 36 700 38 500 ) 
000 36 100 36 100 
900 34 000 34 900 | 
900 34 900 35 800 
BSITIER Re eae ha ee 2 Minimum 2 390 20 610 23 000 | 
| ee possible 000 27 S00 27 800 
“er Ea —900 32 500 31 600 ) 
ey Seger —1 200 30 S00 29 600 ; 
MOON Bee. 5 ances 73 27 928 28 000 | 
BSI ee ee 6 3 1 200 36 300 37 500 
Boe cca ee —1 400 33 500 32 100 
I eae 2 890 33 910 36 800 
a ae: 2 290 30 110 32 400 | 
MIGaR ee Se oe 1 245 33 455 34 700 
ESTO XM eek seks | 6 6 2 190 33 110 35 300 
Browne cet | 1 200 30 600 31 800 
“+ ennepete! | 3 880 32 520 36 400 
7 SO ee 1 790 34 110 35 900 
Fen te a Ea 2 265 32 585 34 850 / 
a eae a 6 12 2 490 34 210 36 700 | 
Bee Sie can ite 4 580 34 720 39 300 
he es / 3 190 17 710 20 900 
Oe 200 35 800 
RGD ie 6 tes crn | 2 615 560 33 175 ] 
ESPERO eshte Saas | 6 Minimum 1 400 31 900 33 300 | 
/ possible 1 400 33 900 35 300 
800 380 600 31 400 
2 290 32 510 34 800 
1 472 32 228 33 700 


all having a 6-in. grip were cut from a bar having a yield-point 
strength of 37 622 lb. per sq. in. For the rivets driven with a press 
riveter the ratio of the initial stress to the yield-point strength of 
the steel was almost unity, and the ratio was as great for the 2-in. 
as for the 6-in. rivets. 


15. Effect of Time of Driving Upon Initial Tension in Rivets.— 
Observations in the shop of the Chicago Bridge and Iron Works — 


™~S 
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TABLE 17 
Resvuurs or MisceLLvaNn“ous bide 


| Reduction in Tension Due to 
a — ——— Initial 
Grip Number 3 | Tensi 
Specimen No. in. of Plates sig bong He | Turning in Rivet 
| s ro ‘ 
| Specimens | ,, Specimens | Ib. per sa. in. 
| lb. per ag. in. | 1b. per #q. in. 
] 
2 Four —2 690 24 490 25 800 
¥ in. —2 390 26 290 23 900 
—900 23 900 23 000 
—2 690 27 190 24 500 
| —2 167 26 467 24 200 
2 | Two —2 180 26 980 24 800 
Lin. ~3 570 29 370 25 800 
—3 280 26 280 23 000 
—900 & 960 % 060 
—2 482 22 897 20 415 
2 One —2 990 34 6A0 31 650) 
2in. ~2 990 29 190 26 200 
—2 180 34 120 31 950 
200 28 400 28 700 
—1 965 | 31 590 29 625 
6 Twelve B00 29 ODD 29 BO 
Y in 500 35 160 25 660 
200 34 400 34 700 
1300 | 30000 31 300 
| 726 | 62152 | 382 877 
| 
6 Six 200) | 7A 600 =| ~~ 84 400 
lin +200 7 170 7 370 
—400 29 050 28 650 
2540 | 30 820 34 400 
795 | 27 910 28 705 
6 | Twelve 1000 | 27 800 28 800 
} Yin. —1 890 32 7H) 30 900 
—2 190 37 290 35 100 
—200 35 700 25 500 
—820 33 295 32 575 


+All burs rermoved before plates were assembled, 


_ established the fact that the normal time of driving a rivet having 


N\ 


a 2-in. grip was 8 seconds for an air hammer, and 1.5 seconds for 
a press riveter; and the normal time of driving a rivet having a 
6-in. grip was 18 seconds for an air hammer, and 3 seconds for a 
press riveter.* Tests were made to determine the effect of the time 
required to drive a rivet upon the initial stress in the rivet, tests being 
made on rivets having a 2-in. and a 6-in. grip. The results of tests 
made upon rivets driven with an air hammer are given in Table 15, 
and of those made upon rivets driven with a press riveter in Table 16. 

There seems to be no consistent relation between the time of 
driving and the initial stress in the rivet, most of the rivets having 

*As previously noted, these observations were made while men were driving rivets in the 


specimens used in these tests, which were small and somewhat difficult to hold. The normal 
time required to drive rivets in pieces large enough to remain stationary without being held 


might be less. 
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an initial tension equal to at least 80 per cent of the yield-point 
strength of the rivet-rod. The only exception was in the case of 
rivets having a 2-in. grip that were driven with an air hammer in 
32 seconds per rivet. For these the initial tension was about one- 
half of the yield-point strength of the rod. 


16. Results of Miscellaneous Tests—Tests were made to de- 
termine the effect of miscellaneous influences upon the initial tension 
in rivets. One series was planned to determine whether the number 
of plates held together by a rivet affected the initial tension. The 
specimens for tests IS14, IS22, and IS25 were alike except for the 
number of plates. The first was made up of four %-in. plates; the 
second of two 1-in. plates; and the third of one 2-in. plate. Likewise 
the specimens for IS18 and IS23 were alike except that the former 
was made up of twelve %-in. plates and the latter of six 1-in. plates. 
The results of these tests are presented in Table 17. They indicate 
that the number of plates making up a given grip does not affect 
the initial tension. 


Some shop men claim that a tight rivet cannot be driven in a- 


single plate. The rivets of the IS25 series were driven in a 
single 2-in. plate, and all had an initial stress equal to approximately 
80 per cent of the yield-point strength of the rod from which the 
rivets were made. This result would apparently indicate that there 
is no basis in fact for the shop tradition that tight rivets cannot be 
driven through a single thickness of metal.* 

All specimens except 1824 were bolted together for reaming, and 
were not disassembled before being riveted. The plates for IS24 were 
disassembled after being reamed and all burs were removed. The 
plates were then bolted together and riveted. The tests of IS24, re- 
ported in Table 17, show that disassembling the plates and removing 
the burs did not affect the initial tension in the rivets. 


The rivets for the tests reported in Table 15 were all driven with | 
an air hammer, and the similar specimens for the tests reported in | 
Table 16 were all driven with a press riveter. The rivets driven with | 
a press riveter had a slightly higher initial tension than those driven 
with an air hammer in the case of rivets having a 2-in. grip, but | 


for rivets having a 6-inch grip the method of driving did not seem to 
affect the magnitude of the initial tension. 


In the case of rivets driven with an air hammer, the initial stress was less in rivets 


two inches long than it was in rivets three inches long. A rivet through a single 14-i 
] 5 -in. 
plate might be loose, not because there was only one plate, but because ihe grip ee ed 
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V. CoNCLUSIONS 


17. Conclusions Relative to Strength of Rivets in Tension.—The 
results of the tests described in this bulletin apparently justify the 
following conclusions relative to the strength in tension of rivets made 
of good material and properly driven: 

(1) The strength in tension of hot-driven rivets having two button 
heads was slightly greater than the tensile strength of the rod from 
which the rivets were made. 

(2) The only heads that failed were button heads flattened to 
3g in., and the heads of cold-driven rivets. The rivets having flat- 
tened heads developed 90 per cent of the strength of the rod from 
which the rivets were made, and the cold-driven rivets, even though 
they failed in the head, developed a strength considerably in excess 
of the strength of the rod from which they were made. 

(3) A total of 81 rivets were tested in tension. The weakest rivet 
tested, Specimen Flc, a rivet having a flattened head that failed in 
the head, developed a strength of 25 695 lb., or a unit stress of 
49 556 lb. per sq. in., based upon a diameter of 134, in., or 58 160 
Ib. per sq. in., based upon the nominal diameter of 34 in. 

(4) The rivets having a long grip were not quite as strong as 
those having a short grip. The difference was attributed to the fact 
that the long rivets did not fill the holes over their entire length as 
completely as did the short ones. 

(5) There was no indication of any lack of reliability of rivets 
subjected to tension, even though some of the specimens were, pur- 
posely, the product of malpractice that would not pass ordinary in- 
spection. 

(6) The ability of a rivet to resist an external load that produces 
tension is not reduced by the initial tension in the rivet due to cooling. 

In the preceding statements the strength in tension developed by 
the rivets is the external load that was added by the testing machine. 
The statements relative to strength refer to unit strength based upon 
a diameter of rivet of 1% 6 in. 


18. Conclusions Relative to Initial Tension in Rivets—The fol- 
lowing conclusions with respect to the initial tension in rivets may 


be drawn: 
(1) All hot-driven rivets having button heads had an _ initial 


tension equal to 70 per cent or more of the yield-point strength of the 
rod from which the rivets were made. 
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(2) Most rivets having a button head on one end and on the 
other end either a button head flattened to 3% in., a head that was 
countersunk but not chipped, or a head that was countersunk and 
chipped, had an initial stress almost as great as rivets having two 
button heads, but there was occasionally found a rivet having other 
than a button head that had a low initial stress. 

(3) Cold-driven rivets had a low initial stress. 

(4) Rivets having a long grip had a somewhat greater initial 
stress than those having a short grip. Practically all rivets having 
two button heads and a grip of 3 in. or more had an initial stress 
equal to 90 per cent of the yield-point strength of the rod from which 
the rivets were made. 

(5) Rivets having a 2-in. grip had a slightly greater tension if 
driven with a press riveter than if driven with an air hammer. Even 
this slight difference did not occur in the case of rivets having a 
grip of 3 in. or more. 

The tests reported in this bulletin indicate that hot-driven rivets 
in general are subjected to a tensile stress nearly equal to the yield- 
point strength of the material. The tests do not show whether this 
tension affects the strength of the rivets in shear. The fact, however, 
that the ordinary process of driving produces a rivet subject to a 
large initial tension, makes it probable that the rivets in riveted joints 
that have been tested in shear had a high initial tension and that the 
strength obtained was the strength under combined shear and tension. 

The tests reported in this bulletin apparently justify the general 
use of rivets in tension if the shearing stress is not reversed. A tensile 
stress due to an external load may, however, be undesirable in the case 
of rivets subjected to alternating shear. For slip between plates is 
prevented largely by friction, and if the initial tension is overcome 
by an external load, the pressure between the plates is relieved and 
slip will occur, allowing the rivet to become loosened if subjected to 
a large number of shear reversals. 


/ 
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